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(57) ABSTRACT

The present invention discloses a method for motion sensing
of sub-pixel level precision. The method comprises the fol-
lowing steps: acquiring a reference 1image (reference frame)
and a sample image (sample frame) of a surface; calculating
the correlation between the reference frame and the sample
frame to obtain a motion vector of a photoelectric mouse with
respect to this surface; subjecting the reference frame and the
sample frame to interpolation to obtain the interpolated ret-
erence frame and the interpolated sample frame; calculating
the correlation between the interpolated reference frame and
the interpolated sample frame 1n order to correct the aforesaid
motion vector and to obtain the movement of the sub-pixel.
The precision of displacement measurement can be improved
cifectively by this method under the condition that sensor’s
characteristics are not changed to improve the performance of
the photoelectric mouse.

7 Claims, 2 Drawing Sheets
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MOTION SENSING METHOD OF SUB-PIXEL
LEVEL PRECISION

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

Under 35 U.S.C. 119, this application claims priority to
Chinese patent application No. 200810115734.9 filed Jun.

2’7, 2008.

FIELD OF THE INVENTION

The present invention relates to a method for optical
motion sensing, and more particularly, to a method for motion
sensing of sub-pixel level precision 1n a photoelectric mouse.

BACKGROUND OF THE INVENTION

FIG. 1 1s a working principle diagram of a photoelectric
mouse. A ray of light emitted by a light emitting diode 101 1s
reflected by a working surface 103 after passing through a
lens 102. The ray of light containing immformation about the
working surface 103 1s subjected to intlux by a lens 104 and
images 1n a motion sensing device 105. When the photoelec-
tric mouse moves, 1ts motion trajectory 1s recorded as a set of
high-speed photographed coherent images, wherein each
image 1s referred to as one frame. The motion sensing device
105 calculates the interrelationship among the stored frames
in order to recognize the motion of the photoelectric mouse
and to output a value of the motion.

FIG. 2 1s a method, usually used by the motion sensing
device 105 shown 1n FIG. 1, for calculating motion of a pixel.
Starting from a start position, the motion sensing device 105
acquires a first image, referred to as the reference frame. After
delaying a predetermined time interval, the motion sensing
device 105 then acquires a second 1mage, referred to as the
sample frame.

The method 1illustrated 1n FIG. 2 generates a predicted
motion vector by calculating the correlation between the ret-
erence frame and the sample frame 1n order to obtain moving
direction and moving distance of a pixel. When the highest
correlation 1s found by calculating the correlation between
the sample frame and the reference frame, 11 the sample frame
moves at least 0.5 pixel to at most 1.5 pixel with respect to the
reference frame, the calculating result 1s moved one pixel. IT
the sample frame moves more than a predetermined value
with respect to the reference frame, the reference frame 1s
updated to the current sample frame, and the updated refer-
ence frame 1s used as the reference frame when the next
sample frame 1s carried out.

In the above method, the movement 1s recognized 1n a unit
of 0.5 pixel, so the recognition to the movement of the pho-
toelectric mouse can only be updated after the motion sensing
device 105 updates the reference frame. Thus, only when the
photoelectric mouse moves about 1.0 pixel, the movement of
the photoelectric mouse may be recognized. Therefore, the
above method cannot recognize the movement of the photo-
clectric mouse 11 1ts movement 1s less than 1.0 pixel, or a
sub-pixel, as a result, resolution 1s limited.

SUMMARY OF THE INVENTION

In order to overcome the “low resolution” defect of the
current motion sensing method and increase the calculation
precision, the present invention proposes a method for motion
sensing of sub-pixel level precision. The precision of dis-
placement measurement can be improved efiectively by this
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method under the condition that sensor’s characteristics are
not changed to improve the performance of the photoelectric
mouse.

According to an aspect ol the invention, the motion sensing
method of sub-pixel level precision, comprises the following
steps: acquiring an 1image of a working surface by using an
optical sensor to obtain a reference frame; acquiring an image
of the working surface again after delaying a certain time to
obtain a sample frame; subjecting the reference frame and the
sample frame to interpolation respectively to obtain the inter-
polated reference frame and the interpolated sample frame;
calculating the correlation between the reference frame and
the sample frame to obtain a motion vector MVA ; calculating,
the correlation between the interpolated reference frame and
the interpolated sample frame to obtain an interpolation
motion vector MVB; correcting and compensating MVA by
using MVB to obtain an output motion vector MV; and divid-
ing MV by N to obtain a more precise motion vector, wherein,
MV=N*MVA+MVB, and N depends upon an image differ-
ence mterpolation algorithm, and N>1.

Thus, a displacement of the sub-pixel precision can be
obtained by using the method of the present invention, which
1s a greater progress technically and can effectively improve
the positioning precision and performance of the photoelec-
tric mouse. In particular, when the displacement value of the
photoelectric mouse using a motion sensing sensor 1s sent to
a computer after being reduced by 1/N factor, the movement
precision of the photoelectric mouse can be increased by N
times with respect to the prior art.

Other features and advantages of the invention will be
explained 1n the specification which follows, and become
obvious both from the specification and also understood by
practicing the invention. The objective and advantages of the
invention could be realized and obtained by following the
written specification, the claims, and the structure as specifi-
cally indicated 1n the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a working principle diagram of a photoelectric
mouse.

FIG. 2 1s a schematic diagram of a general motion sensing,
method.

FIG. 3 1s a schematic diagram of a method for calculating,
the movement of a sub-pixel according to the present inven-
tion.

Preferred embodiments are explained in conjunction with
the accompanying drawings. The methods for improving dis-
placement calculation precision of motion sensing by using
image interpolation are described 1n detail below. It shall be
indicated that the accompanying drawings here provide an
explanation of the specific embodiments of the present mnven-
tion. These drawings are not understood as a definition of the
limits or limitations of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 3 1s a schematic diagram of a method for calculating
the movement of a sub-pixel according to the present inven-
tion.

Starting from a start position 301, 1n step 302, an optical
sensor acquires a frame of 1image as a reference frame. The
reference frame contains signals acquired by a bi-dimen-
sional photosensitive detector array, and feature information
ol a working surface, such as color, texture, contrast, lumi-
nance, and smoothness.
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After finishing step 302, in step 303, the optical sensor
acquires a frame of 1mage as a sample frame after a specific
time delay. Similar to the reference frame, the sample frame
contains signals acquired by a bi-dimensional photosensitive
detector and feature information of the working surface. The
reference frame and the sample frame are acquired at differ-
ent time, 1f the optical sensor moves on the working surface,
then the sample frame performs translation with respect to the
reference frame.

Next, 1 steps 304 and 305, the correlation between the
sample frame and the reference frame 1s calculated. Motion
vector MVA 1s found by calculating the correlation. MVA
represents the size and orientation of the displacement of the
sample frame with respect to the reference frame.

Meanwhile, 1n steps 306 and 307, the reference frame and
the sample frame are subjected to 1image interpolation respec-
tively to obtain the interpolated reference frame and the inter-
polated sample frame.

In step 308, the end point of the motion vector MVA 1s
taken as a center, X denotes the longest step of motion, and the
correlation calculation to the interpolated reference frame
and the interpolated sample frame 1s performed to obtain an
interpolation motion vector MV B. In this embodiment, X 1s
selected as 1.

In the next step 309, the motion vector MVA 1s corrected
and compensated by using the interpolation motion vector
MVB. The mterpolation motion vector MVB 1s also used to
obtain an output motion vector MV 1in step 310, wherein,
MV=NxMVA+MVB, and N 1s an interpolation parameter
that depends upon an 1image difference interpolation algo-
rithm, and N>1. In this embodiment, the value of N 1s 2, thus,
MV=2xMVA+MVB.

In step 309, the motion vector can be predicted through
motion estimation to reduce the degree of operation and to
increase the algorithm efficiency.

In step 311, when the output motion vector MV 1s greater
than a predetermined value, the current reference frame 1s
updated to the sample frame (step 312); on the contrary, the
reference frame remains unchanged.

Finally, the movement value of the photoelectric mouse of
a motion sensing sensor, namely, the output motion vector
MV, 1s reduced by %2 (1.e. MV/2) and then sent to a computer.
At this time, the movement precision of the photoelectric
mouse can be increased by 2 times with respect to the prior
art.

Therelfore, according to the motion sensing method pro-
vided by the present invention, the movement resolution of
the photoelectric mouse can be increased effectively under
the condition that sensor’s characteristics are not changed to
improve the performance of the photoelectric mouse.

In the present embodiment, the value of N 1s 2. However, in
other embodiments, the interpolation algorithm may be
modified to increase the value of N and to obtain an 1image
with greater size 1n order to obtain a displacement smaller
than 0.5 pixel.

The aforesaid are just preferred embodiments for the
present invention, which are not used as limitation to the
present invention. It shall be indicated that for those skilled in
the art, all improvements and modifications, within the spirit
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and principle of the present invention are covered by the
scope of the claims of the present invention.

What 1s claimed 1s:

1. A method for sensing motion of an object with respect to
a surface, comprising the steps of:

step 1, acquiring a first frame of 1mage, and setting the first

frame of 1mage as a reference frame;
step 2, delaying a specific time and acquiring a second
frame of image, and setting the second frame of image as
a sample frame;

step 3, subjecting the reference frame and the sample frame
to 1nterpolation respectively to obtain an interpolated
reference frame and an interpolated sample frame;
step 4, calculating correlation between the reference frame
and the sample frame to obtain an initial motion vector;

step S5, calculating correlation between the interpolated
reference frame and the iterpolated sample frame to
obtain an interpolation motion vector;

step 6, correcting and compensating the mitial motion vec-

tor according to the interpolation motion vector and an
interpolation parameter to obtain a first output motion
vector;

step 7, dividing the first motion vector by the iterpolation

parameter to obtain a second motion vector and send the
second motion vector to a computer; and

step 8, updating the reference frame or leaving the refer-

ence frame unchanged according to the first motion vec-
tor and a predetermined value.

2. The method according to claim 1, wherein the reference
frame and the sample frame contain signals acquired by a
bi1-dimensional photosensitive detector array, and feature
information of the surface.

3. The method according to claim 1, wherein the step 3
comprising;

taking an end point of the 1initial motion vector as a center;

selecting a specific value as the longest step of motion;
and

calculating correlation between the interpolated sample
frame and the interpolated reference frame to obtain
an interpolation motion vector.

4. The method according to claim 1, wherein the first
output motion vector 1s determined by the following relation-
ship:

the first output motion vector=the interpolation parameterx

the 1mitial motion vector+the mterpolation motion vec-
tor.

5. The method according to claim 1, wherein the interpo-
lation parameter depends upon an 1mage nterpolation algo-
rithm, and the interpolation parameter is greater than 1.

6. The method according to claim 1, wherein the step 8
turther comprising:

updating the reference frame to the sample frame if the

output motion vector 1s greater than the predetermined
value; or

leaving the reference frame unchanged 11 the output motion

vector 1s not greater than the predetermined value.

7. The method according to claim 4, wherein the first
output motion vector 1s predicted by motion estimation.
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